About 766 δ Scuti stars were observed by LAMOST by 2017 June 16. Stellar atmospheric parameters of 525 variables were determined, while spectral types were obtained for all samples. In the paper, those spectroscopic data are catalogued. We detect a group of 131 unusual and cool variable stars (UCVs) that are distinguished from the normal δ Scuti stars (NDSTs). On the H−R diagram and the log g − T diagram, the UCVs are far beyond the red edge of pulsational instability trip. Their effective temperatures are lower than 6700 K with periods in the range from 0.09 to 0.22 d. NDSTs have metallicity close to that of the Sun as expected, while UCVs are slightly metal poor than NDSTs. The two peaks on the distributions of the period and stellar atmospheric parameters are all caused by the existence of UCVs. When those UCVs are excluded, it is discovered that the effective temperature, the gravitational acceleration, and the metallicity all are correlated with the pulsating period for NDSTs and their physical properties and evolutionary states are discussed. Detection of those UCVs indicates that about 25% of the known δ Scuti stars may be misclassified. However, if some of them are confirmed to be pulsating stars, they will be a new-type pulsator and their investigations will shed light on theoretical instability domains and on the theories of interacting between the pulsation and the convection of solar-type stars. Meanwhile, 88 δ Scuti stars are detected to be the candidates of binary or multiple systems.
INTRODUCTION
The δ Scuti-type pulsating stars lie inside the classical Cepheid instability strip with luminosity classes from III to V (e.g., Breger 1979 Breger , 2000 Lopez de Coca et al. 1990; . Their spectral types are in the range between A2 and F5 with masses from 3 to 1.4 M ⊙ . The pulsating amplitudes are usually in the range of 0.003-0.9 mag in the V band, with periods usually between 0.02 and 0.3 d (e.g., Breger 1979; Chang et al. 2013) . They exhibit both radial and non-radial pulsations with frequencies ranging between 3 and 80 d −1 and can oscillate in both p and g modes. These properties make them a good source for astroseismology investigations and thus study stellar interiors and stellar evolution. Their great number of radial and non-radial pulsation modes are mainly driven by the κ mechanism that is mostly working in the He II ionization zone (e.g., Gautschy & Saio 1995; Breger et al. 2005; Rodríguez & Breger 2001) . The theoretical blue edge of δ Scuti instability trip was well determined (e.g., Pamyatnykh 2000) , ⋆ E-mail: qsb@ynao.ac.cn while the red edge is rather complicated because of the coupling between convection and oscillation together with the turbulent viscosity (e.g., Xiong & Deng 2001) . In the recent catalogue of δ Scuti pulsating stars, about 18 ones including VX Hya (F6) and DE Lac (F7) were reported to be beyond the red edge and thus have cool temperatures with the spectroscopic/photometric spectral types later than F5 (e.g., Chang et al. 2013) .
A large number of δ Scuti stars were discovered by several photometric surveys in the world, e.g., All Sky Automated Survey (ASAS : Pojmanski 1997; Pojmanski et al. 2005) , the asteroid survey LINEAR (Palaversa et al. 2013) , and northern sky variability survey (NSVS: Woźniak et al. 2004) . In particular, the Kepler (Borucki et al. 2010 ) space telescopes have produced high-quality data sets for thousands of stars and about 2000 δ Scuti stars were detected (e.g., Balona & Dziembowski 2011; Uytterhoeven et al. 2011) . Since the data on variable stars including δ Scuti stars are constantly varying, the mission of VSX (the international variable star index) is bringing all of new information together in a single data repository (e.g., Watson et al. 2006) . About 3689 δ Scuti variable stars have been detected and were listed in VSX by 2017 July 16. Those photometric survey data are very useful to understand the photometric properties of δ Scuti variable stars. However, their spectroscopic information including spectral types and stellar atmospheric parameters extremely lacks. Among 1578 δ Scuti stars collected by Chang et al. (2013) , only 15% of them have spectroscopic spectral types. Large Sky Area Multiobject Fibre Spectroscopic Telescope (LAMOST, also called as Guo Shou Jing telescope) is a special telescope that has a field of view of 5 deg and could simultaneously obtain the spectra of about 4000 stars with low resolution of about 1800 in a one exposure (Wang et al. 1996; Cui et al. 2012) . The wavelength range of LAMOST is from 3700 to 9000 Å and is divided in two arms, i.e., a blue arm (3700-5900 Å) and a red arm (5700-9000 Å). Huge amounts of spectroscopic data have been obtained for single stars and close binaries (e.g., Zhao et al. 2012 , Luo et al. 2015 Qian et al. 2017a, b) . In the time interval between 2011 October 24 and 2017 June 16, about 766 δ Scuti pulsating stars were observed by LAMOST. In the recent LAMOST data releases, stellar atmospheric parameters for 525 δ Scuti stars were determined when their spectra have higher signal to noise, while spectral types of all variables were obtained. Those spectroscopic data provide valuable information on their physical properties, evolutionary states, and binarities.
Among the 766 observed δ Scuti stars, the pulsating periods of 756 samples are given in VSX. The period distribution for those observed δ Scuti variables is shown in Fig. 1 . Also displayed in the figure is the period distribution of δ Scuti variable stars listed in VSX where 339 δ Scuti stars without pulsating periods are not shown. The period distribution given by Rodriguez & Breger (2001) indicated that the majority of δ Scuti stars have short periods in the range from 0.05 to 0.1 d and the number is decreasing with increasing period. However, as shown in Fig. 1 , there are two peaks in the period distributions. The main peak is near 0.05 d, while the the other small peak is at 0.17 d. These properties are similar to those observed in RR Lyr-type pulsating stars (e.g., Szczygiel & Fabrycky 2007) . The latter was caused by the known two types of RR Lyr-type pulsating stars, i.e., RRab and RRc. In the paper, we report the detection of a group of unusual and cool variable stars (hereafter UCVs) that are distinguished from normal ones. Then, the physical properties of normal δ Scuti stars (hereafter NDSTs) are investigated after UCVs are excluded. Finally, based on the distributions of those atmospheric parameters and some statistical correlations, the physical properties, the binarities and the evolutionary states of δ Scuti stars are discussed.
CATALOGUES OF SPECTROSCOPIC OBSERVATIONS FOR UCVS AND NDSTS
In the latest LAMOST data releases, about 20.8% δ Scuti-type variables (766) listed in VSX were observed by LAMOST spectroscopic survey from 2011 October 24 to 2017 June 16. In the survey observations, every target was allocated to a fibre on the focal plane, and then be led into one of sixteen spectrographs equipped with thirty two 4 K × 4 K CCDs [One spectrograph is equipped with two CCDs for recording blue (3700 A-5900 A) and red (5700 A-9000 A) wavelength regions, respectively]. Five flux standard stars were assigned to each spectrograph with highest priority for data reduction. The raw CCD data were reduced by the software called LAMOST 2D pipeline (Luo et al. 2015) , which task includes dark and bias subtraction, flat-field correction, spectral extraction, sky subtraction, removing of telluric absorption, wavelength and relative flux calibration, and combination of red and blue wavelength regions. The extracted 1D spectra from 2D pipeline were then processed by the LAMOST 1D pipeline for their spectral classes (star, galaxy and QSO) as well as the spectral types and radial velocities of stars, or the redshifts of galaxies and QSOs. For the spectra of star from late A to FGK type, the LASP (LAMOST Stellar Parameter Pipeline; Luo et al. 2015 ) is used to determine their atmospheric parameters (effective temperature T , surface gravity log g, metallicity [Fe/H], and radial velocity R r ). The two child components (CFI and ULySS) in LASP will be consecutively executed in an iterative way, and the final parameters are derived by ULySS (Universite de Lyon Spectroscopic analysis Software; Koleva et al. 2009; Wu et al. 2011a ) on the flux normalized spectra. The ULySS determines the atmospheric parameters by minimizing the χ 2 between the observation and the model (Wu et al. 2011b) . The model is cored by the TGM function which is an interpolator (Wu et al. 2011a ) based on the empirical ELODIE stellar library (Prugniel & Soubiran 2001; Prugniel et al. 2007) . Meanwhile, the model also employed a Gaussian broadening function characterized by the systemic velocity V s , and the dispersion σ. This dispersion was contributed by both instrumental broadening and the projected rotational velocity of stars. The star rotation is taken into account coupled with the instrumental broadening, thus the rotational velocity itself cannot be derived as an output parameter. Several independent works on comparing parameters between the earlier LAMOST data release and other reliable spectral data bases, such as high resolution spectral results, SDSS, APOGEE, and PASTEL, were carried out and described by Luo et al (2015) . The typical standard deviations from these comparisons are 95 K for T , 0.25 dex for log g, 0.1 dex for [Fe/H] , and 7 km/s for R r . For the latest LAMOST data (DR4 and the first three quarters of DR5) used in this work, the same comparisons are required. To this aim we compared the LASP data with those mainly derived from high-resolution optical spectra from the literature by Frasca et al. (2016) . The comparisons are plotted in the four panels of Fig. 2 where the stellar atmospheric parameters of 352 stars are shown. We note that there are very good agreements for those four param- Uytterhoeven et al. 2011) . Some of them were also observed by LAMOST from 2011 October 24 to 2017 June 16. They were included in the LAMOSTKepler project (e.g., Frasca et al. 2016; Gray et al. 2016; Ren et al. 2016) . Based on the LAMOST spectra, the atmospheric parameters for tens of thousands of stars in the Kepler field were determined by Frasca et al. (2016) with the code ROTFIT that was developed by Frasca et al. (2003 Frasca et al. ( , 2006 . Stellar atmospheric parameters of 188 δ Scuti stars were obtained. The comparisons between the present atmospheric parameters of the 188 LAMOST-Kepler δ Scuti stars with those derived with ROTFIT are show in Fig. 3 The temperatures of all targets are below 8500 K, their atmospheric parameters could be determined well. Among the 766 δ Scuti stars, stellar atmospheric parameters of 525 δ Scuti stars were determined by using good and reliable spectra. Their atmospheric parameters were automatically determined by ULySS (e.g., Koleva et al. 2009; Wu et al. 2011a Wu et al. , b, 2014 Luo et al. 2015) . There are 32 δ Scuti variable stars observed four times or more on different dates. To check the reliability of stellar atmospheric parameters, we determined the mean values of their atmospheric parameters and derived the corresponding standard errors. The results are shown in Table  1 , where their names and pulsating periods are listed in the first and the second columns. The observational times are shown in third column, while the average atmospheric parameters and their standard errors are displayed in the rest columns. As shown in Table 1 , apart from two targets, the standard errors of the effective temperature for the rest targets are lower than 100 K. As for the gravitational acceleration log g, apart from one target, the standard errors of the others are lower than 0.1 dex, while the standard errors of the metallicity for most δ Scuti variable star targets are lower than 0.08 dex. These results are consistent with the standard deviations determined by comparing LAMOST data with those derived from high-resolution spectra. This indicates that the present data for those δ Scuti stars are reliable. The correlation between the pulsating period P and the effective temperature T for those observed δ Scuti stars is displayed in Fig. 4 . The pulsating periods in the figure are from VSX 1 (e.g., Watson, 2006) . As shown in Fig. 4 , there is a group of 131 UCVs (green dots) that are clearly separated from the other 394 variable stars (blue dots) indicating that they are a new group of unusual variable stars. The dashed red lines in the figure represent the borders of UCVs. Their temperatures are lower than 6700 K and the periods are in the range from 0.09 to 0. Table 2 in the order of increasing VSX number. When some of them were observed twice 1 http://www.aavso.org/vsx/ or more times on different dates, the atmospheric parameters are averaged and the corresponding standard errors are given. Those listed in Table 2 are the first 20 sets of observations. The whole table is available in the internet electronic version 2 and it will be improved by adding new data obtained by LAMOST in the future. Table 2 includes star names, their right ascensions (RA) and declinations (DEC), and pulsating periods. These parameters are from VSX catalogue. When the targets are observed two times or more, the effective temperature T , the gravitational acceleration log g and the metallicity [Fe/H] are averaged and the weight of each value is the inverse square of the original error. The mean spectral types are listed in columns 5 and those shown in columns 6 and 7 are observational dates and times (N). Only the first date and the last date are given in the table as the targets were observed more than two times. The stellar atmospheric parameters including T , log g, and [Fe/H], are listed in columns 8, 10, and 12, while their corresponding errors are displayed in columns 9, 11, and 13, respectively. The stellar atmospheric parameters of the other 394 NDSTs are shown in Table 3 in the order of increasing VSX number. The arrangement Table 2 where only the first 20 observations are shown in Table 3 (the whole table is available via the internet electronic version 3 ). Tables 2 and 3 , the first three columns include the star names, their right ascensions RA and declinations DEC. The types of light variation and pulsating periods are listed in columns 4 and 5. These parameters are from VSX catalogue. The types of light variation are defined in the GCVS variability classification scheme 5 (e.g., Samus et al. 2017) . Column 6 lists the distances (in arcsec) between the two positions determined by the coordinates given in VSX and by LAMOST. As pointed by Qian et al. (2017a) , the distances were used to identify those δ Scuti variable stars from the LAMOST samples based on the criterion Dist< 2 arcsec. For most of the targets, the values of Dist are smaller than 0.1 arcsecs. However, the Dist values of several δ Scuti are larger than 1 arcsec. We have checked their stellar charts by using the coordinates given in VSX and by LAMOST. It is shown that they are the same stars and their results are not for different objects. The differences may be caused by the fact that the coordinates for a few targets are not given in high precision. The observing dates are shown in column 7, while the determined spectral types are listed in columns 8. The stellar atmospheric parameters including T , log g, [Fe/H], and V r ), are listed in columns 9, 11, 13, and 15. Their corresponding errors E 1 , E 2 , E 3 , and E 4 are also displayed in the table, respectively.
DISTRIBUTIONS OF STELLAR ATMOSPHERIC PARAMETERS AND BINARITIES FOR δ SCUTI VARIABLES
As aforementioned, the stellar atmospheric parameters of 525 δ Scuti pulsating stars were determined. In this section, we investigate the properties of the δ Scuti stars by using those spectroscopic data listed in Tables 2 and 3 . During the analyses, when the δ Scuti variables were observed two times or more by LAMOST, the weighted mean values of all individuals are used and the weight is the inverse square of the original error from each observation. As for the radial velocity V r , we do not average them and use the individual values. The distribution of the effective temperature for Figure 5 . Distribution of the effective temperature for whole δ Scuti variable stars whose stellar atmospheric parameters were determined by LAMOST (blue dots). The solid red line refers to the main peak near 7150 K, while the dashed red line to the small peak near 5950 K. The temperature distribution for the 131 UCVs (green dots) is also potted. It is shown that the small peak is constructed by the existence of the group of cool variable stars. Figure 6 . Distribution of the gravitational acceleration log g. The solid and the dashed lines represent to the two peaks near 3.91 and 4.09, respectively. The green line refers to the peak for UCVs. Symbols are the same as those in Fig. 5 . Fig. 5 as blue dots. As displayed in the figure, there are two peaks in the distribution. The main peak is at 7150 K, while the other small peak is near 5950 K. Also shown in the figure as green dots is the temperature distribution for the 131 UCVs. It suggests that the small peak is caused by the existence of the UCVs indicating that they are solar-type cool stars.
The distribution of the gravitational acceleration log g is plotted in Fig. 6 . The main peak of the distribution is near 3.91. Apart from the main peak, there is a small peak at 4.09. These properties reveal that δ Scuti variable stars populate on the instability strip slightly above the zero-age main sequence (ZAMS), the main sequence, and the early stages of H-shell burning. The green dots in the figure represent the distribution of the gravitational acceleration log g for UCVs where the peak is at 4.15 indicating that their gravitational accelerations are higher than the others. The metallicity ([Fe/H]) distribution is shown in Fig. 7 . The peak of the distribution is near [Fe/H] ∼ 0 indicating that most of the δ Scuti variables have metallicity close to that of the Sun. 10 δ Scuti stars have the highest metallicities are shown in Table 4 . As those in Figs 5 and 6, the green dots in Fig. 7 refer to the distribution for UCVs. It is shown that most UCVs have Fe/H from about -0.25 to 0.0 revealing that they are slightly metal poor than the normal δ Scuti stars.
The distribution of the radial velocity (V r ) for those δ Scuti variable stars is displayed in Fig. 8 . 843 RVs for 525 δ Scuti variable stars were determined by LAMOST from 2011 October 24 to 2017 June 16 and they are used for constructing the figure. A peak is near V r = −10 km s −1 indicating that the V 0 of most variable stars are close to this value. The relation between the pulsating period and the radial velocity is displayed in Fig. 9 where the dashed line refers to the distribution peak of the radial velocity. Those radial velocities of δ Scuti stars are useful to investigate their binarities. It is known that about 60%−80% of field stars in the solar neighbourhood are members of binary or multiple systems (e.g., Duquennoy Mayor 1991). A very interesting question is how much percent for δ Scuti stars are in binaries or multiples? Gravitational effects of close binary companions may be important to influence the nonradial pulsations through tidal interactions (e.g., Szatmary 1990 ). In the catalogue published by , 86 δ Scuti stars were pointed out as members of binary or multiple systems. Among 1578 δ Scuti stars in the most recent catalogue published by Chang et al. (2013) , 141 cases belong to binaries or multiples. Period (days) Figure 9 . The correlation between the radial velocity and the pulsating period. Blue dots refer to NDSTs, while green dots to UCVs (see text for details). The red dashed line represents the peak of the distribution peak of the radial velocity.
Some of the binary δ Scuti systems were detected by analysing the light-travel time effect (e.g., Li et al. 2010 Li et al. , 2013 Qian et al. 2015) . Among binary δ Scuti systems, there is an interesting group of eclipsing binaries that are commonly referred to asąőoEA starsąŕ (i.e., oscillating eclipsing systems of Algol type). They are a new class of stellar systems where (B)A-F type primaries are the massaccreting δ Scuti stars (e.g., Mkrtichian et al. 2002; Liakos et al. 2012) . Physical properties of those binary δ Scuti stars were investigated by some investigated (e.g., Mkrtichian et al. 2003; Soydugan et al. 2006; Liakos & Niarchos 2017; Kahraman et al. 2017) . Because of the pulsation, the radial-velocity changes should be associated with the light variations of δ Scuti stars. However, the information on the radial velocity extremely lacks.
Among the 525 δ Scuti pulsating stars derived spectroscopic parameters, 178 were observed two times or more by LAMOST. The difference between the lowest and the highest radial velocities are determined. 50 δ Scuti stars with V r difference larger than 15 km s −1 are listed in Table 5 . The peak-to-peak radial-velocity amplitude for δ Scuti stars is usually in the range from 5 to 10 km s −1 (e.g., Breger et al. 1976; Yang & Walker 1986 ). In previous section, the LAMOST data have been compared with those determined by using high-resolution optical spectra collected from the literature by Frasca et al. (2016) . It is shown that the standard deviation for radial velocity V r is 11 km s −1 . There those δ Scuti stars with ∆V r > 15 km s −1 may be the candidates of binary or multiple systems. Moreover, as shown in Fig. 9 , the radial velocities for most δ Scuti stars are around V r = −10 km s −1 . However, the radial velocities of some δ Scuti variables are very high. 38 δ Scuti stars with V r > 70 km s −1 are shown in Table 6 . They are also candidates of binary δ Scuti systems.
SEVERAL STATISTICAL CORRELATIONS FOR NORMAL δ SCUTI STARS
In this section, we analyze the relationships between the pulsating period and those stellar atmospheric parameters (e.g., temperature, gravitational acceleration, and metallicity) and then investigate physical properties of the δ Scuti stars. Since the UCVs are quite different from the normal ones. When we investigate the physical properties of NDSTs, they should be excluded. As shown in Fig. 4 , there is a good relation between the pulsating period (P) and the effective temperature (T ) for NDSTs. A least-squares solution yields,
This relation (the solid red line) shows that the hotter δ Scuti stars tend to have extremely shorter periods than the late-type variables. It can be explained as an evolutionary effect because the hotter δ Scuti stars tend to be near the main sequence, while cooler variables are more evolved (e.g., .
The correlation between the period and the gravitational acceleration log g is shown in Fig. 10 where 10 δ Scuti variable stars without period in VSX are not displayed. Their atmosphere parameters are listed in Table 7 . Blue dots in the figure refer to NDSTs, while the green ones to UCVs. The two dashed lines are the borders of UCVs. It is well known that there is a basic relation for pulsating stars,
where ρ is the mean density, Q is the pulsation constant. As stars evolving from zero-age main sequence, both the the mean density ρ and the gravitational acceleration log g should be decreasing. Therefore, the pulsating period should be increasing according to equation (2). It is expected that there is a well correlation between the pulsating period and the gravitational acceleration, i.e., the long-period δ Scuti stars have low gravitational accelerations. As shown in Fig. 10 , no such relation can be seen if all sample stars are considered. However, after UCVs are excluded, a well relation (the solid red line) between the period and the gravitational acceleration is detected for NDSTs with period shorter than 0.3 d. A least-squares solution leads to the follow equation, log g = 4.046(±0.015) − 1.168(±0.152) × P.
This relation is a strong observational evidence for the theoretically basic relation for pulsating stars. The relation between the pulsating period and the metallicity [Fe/H] for short-period δ Scuti stars is plotted in Fig. 11 . For comparison, those UCVs are also shown in the figure as green dots. For SX Phe-type pulsating stars in the globular clusters, there is a correlation between the metallicities and the periods of the variables (e.g., McNamara 1995 McNamara , 1997 Rodríguez & Breger 2000) . As shown in Fig. 11 , the metallicity is weakly correlated with the period (the solid red line). By using the least-squares method, the following equation,
is derived after UCVs are excluded. The relation tell us that metalpoor stars enter the instability strip mostly with periods shorter than 0.1 d. By using equation (4), we could obtain [Fe/H]=0, when P=0.132 d. This indicating that a δ Scuti star with a solar metallicity should has a typical period of P=0.132 d. This statistical relation could be explained as that metal-poor pulsating stars evolving into pulsationally unstable states from main sequences displaced below the metal-strong main sequence (e.g., McNamara 1997). Among the δ Scuti stars catalogued by Chang et al. (2013) , 83 of them were observed by LAMOST including 33 UCVs and 50 NDSTs. By using the photometric data in the V-band collected by Chang et al. (2013) , the correlation between the period and the Figure 10 . The relation between the pulsating period and the gravitational acceleration for short-period NDSTs (P < 0.3 d). Blue dots refer of NDSTs, while green ones to UCVs that are between the two red dashed line. The red solid line represents the linear relation between the period and the gravitational acceleration.
photometric amplitude is displayed in Fig. 12 where blue dots refer of NDSTs, while green ones to UCVs. Apart from the variables observed by LAMOST, the other targets investigated by Chang et al. (2013) are also shown as magenta dots. As pointed out by Chang et al. (2013) , the amplitudes are usually in the range of 0.003-0.9 mag in the V band and this figure tells us that there is no relation between amplitudes and periods for the field stars. Rodríguez & Breger (2001) mentioned that pulsating variables in the period range from 0.25 to 0.3 d may need to be reclassified as evolved Population I δ Scuti or Population II RRc (or γ Dor). As can be seen in Fig. 12 , the amplitudes of UCVs are similar to those of NDSTs. The UCVs are solar-type cool variables that have periods in the range from 0.09 to 0.22 d (the two dashed red lines). There are many δ Scuti stars whose pulsating periods are in the period range. It is possible that some of them belong to UCVs and they need to be reclassified.
DISCUSSIONS AND CONCLUSIONS
In the past 20 years, the number of δ Scuti variable stars is enormously increasing. In addition to the immense effort developed by several photometric surveys on the ground, several space missions such as MOST (Walker et al. 2003) , CoRoT (Baglin et al. 2006) and Kepler (Borucki et al. 2010) were carried out that led to the discovery of a lot of new variables and provide high-precision photometry. However, spectroscopic information for those Scuti stars are lack. Among 3689 δ Scuti variables listed in VSX catalogue, 766 of them were observed in LAMOST spectral survey from 2011 October 24 to 2017 June 16. We catalogue those δ Scuti stars and their spectral types are given. Stellar atmospheric parameters for 525 ones are presented. By analysing 32 δ Scuti variables observed four times or more, we show that the standard errors of the effective temperatures, the gravitational acceleration and the metallicity are usually lower than 100 K, 0.1 dex and 0.08 dex, respectively. The atmospheric parameters for 352 stars were determined by Frasca et al. (2016) who mainly used high-resolution optical spectra collected from the literature. To check the LAMOST data (DR4 and the first three quarters of DR5) released recently, their LASP data are compared with those derived by Frasca et al. (2016) . It is shown in Fig. 2 . The green line stands for zero-age main sequence from Kippenhahn et al. (2012) .
for V r , respectively. Meanwhile, the LASP data of the 188 δ Scuti stars in the LAMOST-Kepler field are also compared with those derived by using the ROTFIT code (Frasca et al. 2016) . The results indicate that stellar atmospheric parameters for those δ Scuti stars derived by LAMOST are reliable. As shown in Table 5 , 50 δ Scuti stars have radial velocity differences larger than 15 km s −1 among 178 δ Scuti stars that were observed two times or more by LAMOST. They may be candidates of binary δ Scuti systems. Moreover, the radial velocities of some δ Scuti variables are very high. Table 6 shows that 38 δ Scuti variables have radial velocities higher than V r = 70 km s −1 . They may be also the members of binary or multiple systems. Some of those δ Scuti systems may be eclipsing binaries with high orbital inclinations. If they are real binary systems, the change of the relative distance of the δ Scuti variables from the Sun can result in the observed cyclic change in the O−C (the Observed−Computed maxima times) diagram when the δ Scuti stars orbit the barycenter of the binary system. Therefore, they could be confirmed by monitoring their maxima through the analyses of the light-travel time effect (e.g., Li et al. 2010 Li et al. , 2013 Qian et al. 2015) . By analysing stellar atmospheric parameters of δ Scuti pulsating stars derived by LAMOST, we show that there is a group of 131 UCVs with period in the range from 0.09 to 0.22 d. The UCVs are solar-type stars with temperature lower than 6700 K. It is found that there are two peaks on the distributions of the period, the effective temperature, the gravitational acceleration, and the the metallicity. One is the main peak, while the other is a small one. We show that the small peaks in those distributions are mainly caused by the existence of this group of variable stars. Those UCVs are more metal poor stars and have higher gravitational accelerations than those of NDSTs.
Among the 525 δ Scuti pulsating stars whose stellar atmospheric parameters were determined by LAMOST, 297 were also observed by Gaia (Prusti et al. 2016 ) including 262 NDSTs and 35 UCVs. Their parallaxes and apparent magnitudes were given in Gaia Data Release 1 (Brown et al. 2016) . The H-R diagram of the δ Scuti stars observed by both LAMOST and Gaia is plotted in Fig. 13 where the effective temperature are from LAMOST, while the photometric absolute magnitudes are determined by using Gaia data. The the blue and red edges for δ Scuti stars are from McNamara (2000) . The green line in the figure represents the zeroage main sequence from Kippenhahn et al. 2012 . As shown in the figure, apart from three targets, KIC 9700679 (P = 3.81679 d), TAOS 59.00115 (P = 0.038706 d), and BD + 19 • 572 (without period), the rest NDSTs locate inside the classical Cepheid instability strip, while the UCVs are far beyond the red edge of instability strip. It is shown that those UCVs are more evolved than the Sun.
The relations between the gravitational acceleration (log g) and the effective temperature (T) for all variable stars observed by LAMOST is shown in Fig. 14 where blue dots refer to NDSTs, while red dots to UCVs. The position of the Sun is plotted as the red star. The blue and red lines in the figure stand for the borders of δ Scuti pulsating stars. Those green lines shown represent stellar luminosity classes range between II and V that are from Straizys & Kuriliene (1981) , while the zero-age mainsequence line is from Cox (2000) . As that shown in the H-R diagram, it is found that all of the UCVs are beyond the red edge of δ Scuti instability trip. Most of them are evolved from zeroage main-sequence stars with luminosity classes range between IV and V. One UCV, KIC 8747415, may be giant or sub-giant with log g = 3.097. There are several targets, e.g., KIC 9700679 (P = 3.81679 d), KIC 5446068 (P = 3.48432 d), BOKS-24178 (P = 0.7 d), ASAS J070907+2656.7 (P = 0.043322 d), TAOS 59.00115 (P = 0.038706 d), and BD + 19 • 572 (without period), are beyond the red edge of δ Scuti stars with temperatures below 6700 K. Their periods are not in the range between 0.09 and 0.22 days. Although they were classified as NDSTs, their physical properties are special and need to be investigated in the future. As shown in Figs 13 and 14, there is a gap between zero-age main sequence and the position of NDSTs in the H-R diagram and in the log g − T diagram. The gaps increase with growing effective temperature (e.g., Balona & Dziembowski 2011) .
Those UCVs should be excluded when we investigate the physical properties of NDSTs because they are quite different from the others. It is found that there is a good relation between the effective temperature (T ) and the pulsating period (P) for NDSTs. It shows that the temperature is rapidly decreasing when the period is increasing. This relation reveals that the hotter δ Scuti stars tend to be near the main sequence while cooler variables are more evolved (e.g., . A well relation between the gravitational acceleration and the period is discovered for short-period δ Scuti stars with period shorter than 0.3 d (solid red line in Fig. 10 ). The gravitational acceleration is decreasing as the period increasing. This relation is a direct observational evidence for the theoretically basic relation in equation (3) for pulsating stars. Moreover, the metallicity is detected to be weakly correlated with the period as that found for SX Phe-type pulsating stars in the globular clusters (e.g., McNamara 1997).
To check whether those UCVs are δ Scuti stars or not, their pulsation constants (Q) are calculated by using the following equation given by Breger (1990) , log(Q/P) = 0.5 log g + 0.1M bol + log T − 6.456.
The effective temperature T and the gravitational acceleration log g are from the data of LAMOST, while M bol could be computed with the equation (e.g., McNamara 2011), M bol = −2.89 log P − 1.31.
The results are shown in Fig. 15 , where the dashed red line refers to Q = 0.033 d. As displayed in the figure, the values of Q for most of UCVs are larger than 0.033 days. As δ Scuti stars are p-mode and mixed-mode pulsators, Q needs to be below 0.033 d (e.g., Fitch 1981) . Therefore, the derived results may indicate that most UCVs do not belong to δ Scuti pulsating stars. The other method to check them is to determine the ratios of radial velocity to light amplitude of the stellar variability. If they are δ Scuti pulsating stars, the ratios should be in the range from 40 to 120 km −1 mag −1 (e.g., Breger 1976; Daszynska-Daszkiewicz et al. 2005) . 28 UCVs were observed two times or more and the difference between the lowest and the highest radial velocities are determined. Then the ratios of radial velocity to light amplitude could be estimated and the results are plotted in Fig. 16 . As shown in the figure, although some ratios are below 40 km −1 mag −1 , we could not rule out them as δ Scuti stars because our data are insufficient to derive the amplitude of the radial velocity curve. Some UCVs are classified as both δ Scuti stars (DSCT) and EC-type contact binaries implying that they are actually suspected as contact binaries, i.e. their variability classification is not unique. Those suspected contact binary stars may have double periods, i.e., in the period range from 0.18 to 0.44 d. This is typical range for EW-type contact binary systems (see fig. 1 in Qian et al. 2017a ).
Those binary stars are similar to contact systems investigated by Qian et al. (2007 Qian et al. ( , 2013 Qian et al. ( , 2014 . Moreover, as listed in Table 7 , several UCVs show large radial velocity scatters indicating that they may be close binary stars. In this way, the derived effective temperatures for those sample stars are very useful during solving their light curves. The other atmospheric parameters (e.g., log g and [Fe/H]) will provide us valuable information to understand their formation and evolutionary state. Our results show that about 25% of the known δ Scuti pulsating stars may be misclassified. They may be close binary stars rather than δ Scuti stars. As shown in Fig. 1 , about 1800 objects listed in VSX are classified as δ Scuti pulsating stars in the period range from 0.09 to 0.22 d. Some of them may need to be reclassified.
The blue edge of the instability strip for δ Scuti stars is theoretically well constrained (e.g., Pamyatnykh 2000) . However, the red edge is rather complicated and has a large range of possibilities for the slope and shape (e.g., Chang et al. 2013) . The investigation of some authors (e.g., Houdek et al. 1999) indicated that oscillations in solar-like stars are intrinsically damped and stochastically driven by convection, while the calculations by Cheng & Xiong (1997) using the theory of Xiong (1989) predicted over stable solar oscillations. If some UCVs are confirmed as pulsating stars, they may be a new-type pulsator. Their observations and investigations will shed light on theoretical instability domains and on the theories of interacting between the pulsation and the convection of solar-type stars. New observations and detailed investigations on UCVs are timely and required urgently in the near future.
